An analysis of high-resolution magnetic field measurements from the GSFC (Goddard Space Flight Center) magnetometer on Explorer 43 showed that low magnetic field intensities (< 1 7) in the solar wind at 1 AU occur as distinct depressions, or 'holes,' in otherwise nearly average conditions. These magnetic holes are new kinetic scale phenomena, having a characteristic dimension of the order of 20,000 km. They occurred at a rate of 1.5/d in the 18-day interval (March 18 to April 6, 1971) that was considered. Most magnetic holes are characterized by both a depression in I BI and a change in the magnetic field direction, and some of these are possibly the result of magnetic merging. However, in other cases the direction does not change; such holes are not due to merging but might be a diamagnetic effect due to localized plasma inhomogeneities.
INTRODUCTION
Regions of very low intensity magnetic fields can be seen in high-resolution measurements of the interplanetary magnetic field near 1 AU. We define low intensity by IBI < 1 'y, which is to be compared with the average intensity of 6 'y and the most probable value of 5 'y. Most low field intensities were found to occur in isolated regions in the form of discrete 'holes' imbedded in a background of otherwise uniform fields of nearly average intensity. The existence and the characteristics of these magnetic holes are the subjects of this paper.
Our analysis is based on •18 .clays of interplanetary data
from Explorer 43 (Imp I) in the period March 18 to April 9, 1971, the interval during which the Goddard Space Flight Center (GSFC) plasma analyzer was operating. Low-field regions (IBI < 1 'y) were initially identified in plots of 15-s magnetic field averages. The holes thus found have a very small radial extent, but the high sampling rate of the magnetometer (12.5/s) resolved the structure of every event. The plasma-sampling rate was much lower (a spectrum was measured in approximately 1 min, and successive spectra were obtained at 4-min intervals), and the structure of holes could not be resolved, but the plasma instrument did provide measurements of the prehole and posthole states. The magnetic field and plasma experiments are described in reports by Fairfield [1974] and Ogilvie and Burlaga [1974] , respectively.
RESULTS
We identified 28 magnetic holes using the criterion I BI < 1 'y and the data set discussed above. Typical examples are shown in Figure 1 , which contains plots of magnetic field intensity for 10-min intervals. Nearly all holes are essentially isolated depressions in magnetic field intensity, which is otherwise nearly average. They are distinct entities, not just random fluctuations in low-intensity, disturbed field regions. Thus the lowest magnetic field intensities in the solar wind near 1 AU, like the highest field intensities, apparently are the result of special physical processes distinct from those which produce the most probable fields.
Given 28 holes in 18 days of data, one obtains an occurrence Turning now to the change in direction of the magnetic field across the holes, we find that it may change abruptly by a large amount, it may vary irregularly, or it may not change at all. Of the 28 events, 8 had little or no directional change, 9 were similar to D sheets, and 11 fell into neither of those categories. Below we shall discuss several examples of such changes. The plots to be presented are based on the high-resolution data obtained at 12.5 samples/s and are displayed in a coordinate system in which f is the average field direction for 2 s before the event, oe is the direction of minimum variance for points in the interval during which the transition takes place, and • is orthogonal to .
• and oe and forms a right-handed coordinate system. It should be stressed that the coordinate system varies from event to event. In any case, however, tangential 'discontinuities' in this system are indicated by Bz = 0.
An example in which the magnetic field direction changes abruptly across the holes is shown in Figure 3 esis. There is essentially no Bz component, an observation indicating that the directional discontinuity is tangential. The width is only 8 s, and the thickness along the normal (oe) direction is only 4 RL. The velocity measurements were not sufficiently accurate to determine whether or not there was a sub-Alfv6nic flow toward the current sheet. The important feature is that the observed minimum field is significantly smaller than that predicted by the merging model using the measured angular separation w between the fields preceding and following the hole, B• and B:, respectively (see Table 1 ). Thus either merging can operate in a way that is not understood, or there is an entirely different process involved instead of, or in addition to, merging. There were other events which had minimum fields significantly smaller than was predicted by the merging model (e.g., April 6, 1638 UT, in Table 1 ). The events in this category had normals which were nearly radial. It should be noted that all of the holes discussed in this paper differ from the D sheets discussed by Burlaga [1968] in that here the depression is confined to a region the size of that in which the direction changes, whereas it is much broader in D sheets.
A distinctly different type of magnetic hole (which we call a linear hole) is shown in Figure 5 ; here is a smooth, symmetrical depression in magnetic field intensity but no change in direction. The change is seen only in the By component, which is the average field direction, and in the intensity. Four such linear holes were found among the 28 events (see Table 2 ). Their width along the radial direction is similar to that of other magnetic holes. Table 2 indicates that there was possibly a change in one or more of the plasma parameters across the linear holes, but more examples are needed before one can draw a general conclusion. Four other linear holes were identified having the same basic characteristics, but they differed in that the field intensity did not vary smoothly in the hole. In The subscripts 1 and 2 refer to preevent and postevent measurements, respectively. these cases the field intensity varied irregularly outside the holes as well, and it is likely that the nonuniformity in the holes is due to external conditions. The occurrence of linear holes relative to streams is indicated by the letter L in Figure 2 .
Linear magnetic holes are certainly not produced by a merging process, since a change in the direction of B is a necessary signature for merging. A possible explanation is that they are diamagnetic responses to localized plasma inhomogeneities. Indeed, high values of/• = nkT/(Ba/8•r) (where n and T are the density and temperature, respectively, of the protons and B is the magnetic field intensity) were observed adjacent to the holes (see Table 2 ). One can model linear holes using the theory for diamagnetic boundary layers developed by Sestero [1964] and Lemaire and Burlaga [1976] . The direction of B changes across most magnetic holes, much as it does in the current sheets associated with directional discontinuities with no change in I BI; i.e., it rotates in a plane and has a thickness of several proton gyroradii. However, there are some magnetic holes at which there is virtually no change in the direction of B. Some of the directional holes resemble D sheets, although there is an important difference in that the depression in I BI has the same dimension as the change in direction at holes, whereas it is much broader than the change in direction at D sheets. In particular, some holes are possibly the result of magnetic merging. However, the linear holes are certainly not the result of merging, which requires a change in the direction of B. These linear holes (and perhaps all holes) are possibly diamagnetic effects due to the presence of localized plasma inhomogeneities, but we can neitherfbbserve such small inhomogeneities because of the low plasma data sampling rates nor offer an unambiguous explanation for their origin.
